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Ayutthaya, registered by UNESCO as a World Heritage Site in 1991, is one of the most popular tourist areas in 
Thailand. Ayutthaya, which is surrounded by three rivers, was flooded for more than a month in 2011. Many of the 
ancient pagodas are leaning and there's a possibility that previous damage will be worsened by the damage from this 
recent flood. In this study, we analyzed one of the differential settlement of the pagodas as well as the simulations on 
the extent of future ground subsidence. According to the results of our analysis, the pagoda will not subside rapidly 
from the effects of secular changes of the ground and flooding will have a small effect on the pagoda. 
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ŸǗǥ0ɜǅ&GɭÝ~čǆrey6SpUzOreyKõß4$/FǌũöĚ#H*õ5ŕÍK
ȳŮ&G"10GĸǱāŅƆŌĴ0Gñ 9ñ 10 4ĸāŅƆŌrey1ĸǱāŅƆŌrey5ų
ÌŃÈǹɈKǝ&Űɬ©ĒŅʎǱŅʏKȇŋ$*ƆŌrey6Sekiguchi and Toriihara (1976) 7)4DG
Ǝ¸öĚ5ƎöĚŕÍ5reyüǜ13-/G









	 
ñ 9  ĸāŅƆŌrey5ųÌŃÈǹɈ ñ 10  ĸǱāŅƆŌrey5ųÌŃÈǹɈ 
ɭÝ~čǆrey5ɰɭŤ𝑓𝑓6ƎĴ0ĖȆ#HG  
𝑓𝑓 =
𝜆𝜆 − 𝜅𝜅
1 + 𝑒𝑒
0
ln
𝑝𝑝′
𝑝𝑝′
0
+   𝐷𝐷𝜂𝜂
∗
                                                                                                                                                                                    (1)  
𝜂𝜂∗ =
3
2
𝑠𝑠𝑖𝑖𝑖𝑖
𝑝𝑝′
−
𝑠𝑠𝑖𝑖𝑖𝑖0
𝑝𝑝′
0
𝑠𝑠𝑖𝑖𝑖𝑖
𝑝𝑝′
−
𝑠𝑠𝑖𝑖𝑖𝑖0
𝑝𝑝′
0
	 	 	 	                                                                                                                 	 	 (2) 
""0λʔöȁŔŤ𝜅𝜅ʔȍƲŔŤ𝑒𝑒!ʔÃŶɬɵƔ𝑝𝑝′ʔĬùųÌŃÈ𝑝𝑝′!ʔÃŶĬùųÌŃÈ 
𝐷𝐷ʔaOzO`|Z¬Ť𝑠𝑠!"ʔ³ħŃÈd|_yKǝ&    𝜂𝜂
∗6(LŨŃÈ5ąÉ4Č3G\S
wɤ0Gƨđ5 06öĚǷŰ5üƮƼŊKǝ$/G 
 =*ǱāŅ8'>ɕĲd|_y𝜀𝜀!
!"6ƎĴ0EHG 
𝜀𝜀!
!" = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒 −
𝑣𝑣!
𝛼𝛼
𝜆𝜆 − 𝜅𝜅
1 + 𝑒𝑒!
𝑝𝑝′
𝑝𝑝′!
+   𝐷𝐷𝜂𝜂∗ + 𝑣𝑣!𝑒𝑒𝑒𝑒𝑒𝑒
𝑓𝑓 − 𝑣𝑣!
𝛼𝛼
	 	                                                 	 	 (4) 
 
""4𝑣𝑣!ʔāŅ£Ǥ8'>𝑣𝑣!ʔÃŶ£Ǥ8'>ɕĲ𝛼𝛼ʔƎöȁ¬Ť0G 
ɭÝ~čǆrey6ɋöĚȰʌɋ(LŨȰʌ4DGėʌǺƀKü4ǀȶǸ>Ǧ/EH/G
ųɱȣǵƞ4DGȨſǺƀ1ėƬ²5ĜƔEāŅŔŤKŁ1$*»Èhwq`ƘĖbsfʈ
ă~čǆ 6ʏ4DFśƃ#H*ŸǗǥ06öȁŔŤȍƲŔŤaOzO`|Z¬ŤɻƏõö¬Ť
2ƎöĚ¬ŤɼÞɒƔKāŅŔŤKŁ1$*»Èhwq`ƘĖbsf4Ľ-/ƘĖ$*


5 
b)	 地盤モデル	 
ŸǗǥ0¦ǅ&Gøǐ5reyBhwq`6`O~`oYfČēDFś¨#H*Mu`tɐɷ
øǐ5mx|Ve`Kü4ƘĖ$/G
ñ 114ȨſreyøǐKǝ&Ģ× 21.45ʖ5øĢ64.5Ģ4ÂÇ$*Ģ× 10.0mKĄ4ǱõĢ
1ǖĢ04ČÄ0GƺǀǏƻŅKȇŋ$/ǱõĢK#E4 3Ģ4ǶÂÇ$*øȝE5Ʀ#
02.5m5ʓĢǑ6Ȁ@ò@EH*ǱõĢƦ# 2.56.0m5 2ĢǑ6ƔɌǏòZyfĢƦ# 610m
A 1ĢǑ1åƇ5ǱõĢ0GŸȨſ06 1ĢǑ1 3ĢǑ6å%Ģ0G1ȇøǐ5hwq`
6å5A5K»È$*»Èhwq`5ȦKȝ 4ǝ&
Ȩſreyøǐ5ĉ ĄǉŻ6´ɽ4./ƕĬĉ Kœź('İɽ4./ƕĬɧǒĉ 1A
òĖ$*ƕǀĄǉŻ6ǖĢ06ŘƕǱõĢ06ɼŘƕ5Ż1$/G=*ÃŶ5øƕ ɽ6
mx|Ve`DF-3.5m1&Gz|T5Ô £Ǥɢɤ6VwcYOěKȭH*ɶ4ƿÿ4/ȪƬ
&G"14DFľ*²0G
 




  

     	 
 	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
c)	 解析手順	 
 ơƕ3$5ÿã1ơƕɅ*ÿã5
2 W\4./100 ĭĻ5ĞżöĚ
ƙȨſKȚ-*='ƿ÷=05Ƽ
ŊK¿ƿ&G*@¹ȚöĚK¿ƿ$*
VwcYOě5ƐǛ3ĳȮĭ6Ů
0GMu`tƾŵŰʎ1351 ĭʗ
1767 ĭʏ4ĳȮ#H*1þè#H/G
*@ĳȮ6 550 ĭÆ1Ė$*Ă
reyKɍȗ$550 ĭɬöĚ&G"1
0¹ȚöĚ5øǐ1$*Ǝ4ơƕ
3$5ÿã06ĂreyK¹ȚöĚ
Ļ5øǐ4ɍ(*==100 ĭK 10 kQ
] 10 ĭ'.4Â 100 ĭɬ5öĚK
¿ƿ$*
ơƕɅ*ÿã2011ĭ5Čơƕ1
åȥƉ5ơƕ2îǍǃ&G1Ė$*
 z|T 
ŹŦrey ǿĹĸŅ 
£Ǥ 1196.321cm3 
ĚĲ 1.546 g/cm3 
t|Vƽ E 5.0×105 kN/m2 
nM_|Ɣ µμ 0.07 
Ô £Ǥɢɤ 15.15kN/m3 
ñ 12	 ơƕɅ*ÿã5Ȩſk{bsf   	 
26.74m   
21.45m  	 
21.28m  	 
ȝ 2	 z|T5hwq` 8) 
ȝ 1	 »Èhwq` 
ñ 11	 Ȩſreyøǐ 
ƕĬũæ6ƶɱɩ	 
0～2.5m 2.5～6.0m 6.0～10.0m 10.0～21.45m
飽和単位体積重量 　γ sat (kN/m
3) 19.83 19.47 19.83 22.66
不飽和単位体積重量　γ unsat (kN/m
3) 18.83 18.47 18.83 20.66
液性限界LL (%) 40.76 48.42 40.76 -
液塑性限界PI (%) 18.61 17.87 18.61 -
圧縮指数Cc 0.28 0.35 0.28 -
膨潤指数Cs 0.07 0.09 0.07 -
圧縮指数λ* 0.12 0.15 0.12 -
膨潤指数κ* 0.03 0.04 0.03 -
内部摩擦角	 φ ' 30.94 31.21 30.94 30.00
クリティカルステートパラメー ター Μ 1.24 1.25 1.24 1.20
二次圧縮係数α 0.0037 0.0044 0.0037 -
非可逆比Λ 0.71 0.72 0.71 0.69
ダイラタンシー係数D 0.04 0.05 0.04 -
土粒子タイプ Clay Clay Clay Sand
>2µm (％) 70.00 70.00 70.00 4.00
2µm～50µm (％) 13.00 13.00 13.00 4.00
50µm～2mm (％) 17.00 17.00 17.00 92.00
透水係数k  (m/day) 0.048 0.048 0.048 7.130
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ƿ÷5ƼŊ=06ǹĭĉÐ5>5ÿã1åƇ5Ŏʀ0G¹ȚöĚK¿ƿ$*Ļ50ĭ41ĲơƕK2î¿
ƿ$*ñ124ơƕɅ*ÿã5ȨſŎʀKǝ&    

(3)	 解析結果と考察
a)	 洪水がない場合の圧密沈下解析	 
 ȨſŎʀ4Ľ-/öĚƙȨſKȚ-*ǺƀÃŶƼŊE¹ȚöĚǷŰʎƿ÷ʏ5ƼŊ=05 550
ĭɬ06øǐűČ 37.39cm ƙ&GǺƀ13-*)5Ļƿ÷EĞż 100 ĭĻ5öĚ06űČ
37.39cm 5ƙɤ5==0ĉJE3-*âøƵ5ƙɤ6 A Ƶ0űğ13FC Ƶ0űČ13-*=
*Ă5¶ŧȧ4./6¹ȚöĚǷĻʎƿ÷ʏ5ŰƵ0űČ0¶ŧ 2.8°0Fɐĭ5ėƬ²6Ñ
ũæ4 2.3°1þè#H/G*@ȨſǺƀ6ėƿȼ4Ɣ$/ȓīɘČȯª13-/GöĚ6ÃŶƼŊ
Eǳ 55 ĭɬ0Üź$/G*@ÃŶƼŊ4¶*ĂKɍȗ$*ĺɾ4DFöĚ1¶ŧǍǃ$*
1ȇEHGöĚǷJG1öĚ5ɗȚ6;1L23ƼŊ13G*@ƿ÷E 100 ĭĻ=05ɬ
ǹĭĉÐ5>05öĚ6ɗȚ$31ȇEHGĉĹñ1ĉ ñKñ 13ʗ164ǝ& 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
b)	 洪水が起こった場合の圧密沈下解析	 
 ¹ȚöĚĻʎƿ÷ʏ11îǑ5ơƕĻ0ƔɌ&G1ơƕĻ4űČǳ2.8mm5ƙǍǃ&GǺƀ13-
*=*)5Ļ2îǑ5ơƕĻ061mmą/3.8mm¹ȚöĚŰDFƙ&G1Ǻƀ13-*"
H6ƕ 5ɰɘǣ0øǐ5ƤÈĉÐ$øǐ¾5(LŨŃÈąÉ$*"14DFöĚƙǃ%
*1ȇEHGǺƀE6ơƕöĚƙ4Gĺɾ6G)5ǣĲ6ğ#1GĂ5
¶ŧȧ4./6¹ȚöĚĻ5űČ²2.80ơƕĻ5űČ²2.8113-/Fơƕ4DG¶ŧ:5
ĺɾ6;<31G2îǑơƕĻ5ĉĹñKñ17ĉ ñKñ184ǝ&  
	 
	 
ñ 13  ¹ȚöĚǷŰʎƿ÷ʏ5ĉĹñ
	 
ñ 14  ¹ȚöĚǷŰʎƿ÷ʏ5ĉ ñ
ɧǒũæĉ 𝑢𝑢!  
ÃŶ²ʕ37.39cm 
ɧǒũæĉ 𝑢𝑢! 
űČ²ʕ37.39cm 
ñ 15  ƿ÷E 100ĭĻ5ĉĹñ
	 
ñ 16  ƿ÷E 100ĭĻ5ĉ ñ
	 
 
C
 
A
 
B
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ƿ÷5ƼŊ=06ǹĭĉÐ5>5ÿã1åƇ5Ŏʀ0G¹ȚöĚK¿ƿ$*Ļ50ĭ41ĲơƕK2î¿
ƿ$*ñ124ơƕɅ*ÿã5ȨſŎʀKǝ&    

(3)	 解析結果と考察
a)	 洪水がない場合の圧密沈下解析	 
 ȨſŎʀ4Ľ-/öĚƙȨſKȚ-*ǺƀÃŶƼŊE¹ȚöĚǷŰʎƿ÷ʏ5ƼŊ=05 550
ĭɬ06øǐűČ 37.39cm ƙ&GǺƀ13-*)5Ļƿ÷EĞż 100 ĭĻ5öĚ06űČ
37.39cm 5ƙɤ5==0ĉJE3-*âøƵ5ƙɤ6 A Ƶ0űğ13FC Ƶ0űČ13-*=
*Ă5¶ŧȧ4./6¹ȚöĚǷĻʎƿ÷ʏ5ŰƵ0űČ0¶ŧ 2.8°0Fɐĭ5ėƬ²6Ñ
ũæ4 2.3°1þè#H/G*@ȨſǺƀ6ėƿȼ4Ɣ$/ȓīɘČȯª13-/GöĚ6ÃŶƼŊ
Eǳ 55 ĭɬ0Üź$/G*@ÃŶƼŊ4¶*ĂKɍȗ$*ĺɾ4DFöĚ1¶ŧǍǃ$*
1ȇEHGöĚǷJG1öĚ5ɗȚ6;1L23ƼŊ13G*@ƿ÷E 100 ĭĻ=05ɬ
ǹĭĉÐ5>05öĚ6ɗȚ$31ȇEHGĉĹñ1ĉ ñKñ 13ʗ164ǝ& 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
b)	 洪水が起こった場合の圧密沈下解析	 
 ¹ȚöĚĻʎƿ÷ʏ11îǑ5ơƕĻ0ƔɌ&G1ơƕĻ4űČǳ2.8mm5ƙǍǃ&GǺƀ13-
*=*)5Ļ2îǑ5ơƕĻ061mmą/3.8mm¹ȚöĚŰDFƙ&G1Ǻƀ13-*"
H6ƕ 5ɰɘǣ0øǐ5ƤÈĉÐ$øǐ¾5(LŨŃÈąÉ$*"14DFöĚƙǃ%
*1ȇEHGǺƀE6ơƕöĚƙ4Gĺɾ6G)5ǣĲ6ğ#1GĂ5
¶ŧȧ4./6¹ȚöĚĻ5űČ²2.80ơƕĻ5űČ²2.8113-/Fơƕ4DG¶ŧ:5
ĺɾ6;<31G2îǑơƕĻ5ĉĹñKñ17ĉ ñKñ184ǝ&  
	 
	 
ñ 13  ¹ȚöĚǷŰʎƿ÷ʏ5ĉĹñ
	 
ñ 14  ¹ȚöĚǷŰʎƿ÷ʏ5ĉ ñ
ɧǒũæĉ 𝑢𝑢!  
ÃŶ²ʕ37.39cm 
ɧǒũæĉ 𝑢𝑢! 
űČ²ʕ37.39cm 
ñ 15  ƿ÷E 100ĭĻ5ĉĹñ
	 
ñ 16  ƿ÷E 100ĭĻ5ĉ ñ
	 
 
C
 
A
 
B
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c)	 洪水がない場合と洪水が起こった場合の比較	 
 ĞżǏ4ơƕǍǃ$3ÿãʎǹĭĉÐ5>5ÿãʏ1ơƕǍǃ&Gÿã5ƔɌKȚȝ 18 4=
1@*âǭƵ05ʎöĚħʏʕʎơƕF5ĉ ʏʑʎơƕ3$5ĉ ʏKǝ&âøƵ05 y ũæ5
ƙ5ħ5űČ²6 A øƵ 3.1mmB øƵ06 3.3mmC øƵ06 3.8mm 0FC øƵ5ũæ4.H/
ƙɤČ3-/FåƙĠ$'.ɗȚ$/G1ŚĖ#HG=*'H5Ƶ0Aơƕ
F5ÿã5;ĉ Č"1EĂ5ƙ4Ĝ&Gơƕ5ĺɾG1GŤ²1$/6ğ
#ơƕ 1 îǑ2 îǑ1A4öĚɗȚ$/G"1EĻơƕʃǍ&H7öĚ6Ġ$'.
06GɗȚ$/1ȇEHG



	 
	 
	 
	 
	 
	 
	 
	 
	 
ȝ 3	 ǹĭĉÐ5>1ơƕŰ5ƔɌ	 
A 地点 
変位 uｘ (cm) 変位 uy (cm) 
洪水あり 洪水なし 差 洪水あり 洪水なし 差 
50 年後(洪水 1 回) 0.39 0.48 0.094 -32.72 -32.5131 0.211 
100 年後(洪水 2 回) 0.385 0.479 0.094 -32.8243 -32.5131 0.311 
	 
B 地点 
変位 uｘ (cm) 変位 uy (cm) 
洪水あり 洪水なし 差 洪水あり 洪水なし 差 
50 年後(洪水 1 回) 0.51 0.59 0.082 -35.6584 -35.42 0.241 
100 年後(洪水 2 回) 0.511 0.62 0.109 -35.754 -35.42 0.337 
	 
C 地点 
変位差 uｘ (cm) 変位 uy (cm) 
洪水あり 洪水なし 差 洪水あり 洪水なし 差 
50 年後(洪水 1 回) 0.639 0.71 0.074 -37.6669 -37.38 0.283 
100 年後(洪水 2 回) 0.639 0.74 0.100 -37.7662 -37.38 0.383 
ñ 19	 ơƕŰ5âǭƵ05ĉ 1ĉ ħ 
 
C
 
A
 
B
ɧǒũæĉ 𝑢𝑢! 
űČ²ʕ37.78cm 
ñ 17  2îǑơƕĻ5ĉĹñ
   ʎƿ÷Eǳ 50ĭĻʏ	 
ñ 18  2îǑơƕĻ5ĉ ñ
   ʎƿ÷Eǳ 50ĭĻʏ	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４.	 おわりに	 
	 
ŸǗǥ06ơƕʃǍ$/GMu`tøû5Ă5ĞżǏ3¶ŧBƙ5Ƭ1ơƕ4DGĺɾK
ŮE4&G*@ƿøȵƁ1Mu`tɐɷ5mx|Ve`Kü4öĚƙȨſKȚ-*Ȩſ06
ơƕ5ųƶ4DG 2W\4./ȚǺƀ5ƔɌKȚ-*Ÿȶť5ŌƀK4ʀǋ4ǝ& 
(1) 1îǑ5ƿøȵƁ06Mu`tøû5ĂBƆɖƺ¶ŧ89ÇH325ƼŊ4G"1KǛȲ$
*
(2) 2îǑ5ƿøȵƁ06øȝɐ46ǘ *z|Tç=H/G"1KǛȲ$*=*ȒțįMu
`tÎō5eNzU`:5iMx|V0ø5ǘ *z|T6Ă5ĳȮ®ĿŰ4Ŗ/EH
*A50G"1J-*
(3) VwcYOěéɏ5øȝɽɐ5õ6ƕKç?1Ɋķ43GǱõ0G"1ǛȲ#H*
(4) Mu`tɐɷ5mx|Ve`Kü4ɭÝ~čǆreyKǅ/öĚƙȨſKȚ-*)5Ǻ
ƀƿ÷E  ĭĻ5öĚ06;<öĚ~¶ŧ5ɗȚ6ȤEH'ǹĭ5>5öĚ06±ć5Ö
ɳŅ6¡1ȇEHG
(5) ơƕɅ*ÿã5öĚƙȨſ06ƕ 5ɰɘǣ0(LŨŃÈąÉ&G"14DFöĚƙ
ǃ%*1ȇEHG
(6) ơƕɅ*ÿã5ǺƀEċĠơƕ4DGåƙ:5ĺɾG"1J-*Ă±
ć&G;25Č3ĺɾ631ȇEHG
îȨſ0¦ǅ$*øǐe`6Mu`tɐɷ5mx|Ve`0G*@VwcYOě5Ă
éð5øǐ16ǌ3GÞȊŅG=*Ă6ĳȮ5ɓƓɴ0¶*1ŚĖ#HĂ5øǐ5Ƽ
ŊƕĬǪ×03ÞȊŅAȇEHG*@ĻƈƮȿ»ȰʌKȚDFƐǛ3Ăéð5øǐe
`KľG"1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